Abstract: Immediate exposure to reward or reward-predicting stimuli (cues) influences behavior. For example, chips placed right in front of us are likely to get eaten even if we wish to lose weight or don't actually like chips so much. In this paper we review evidence that shows that immediate exposure to reward and the presence of reward-cues can change economic behavior across various decision domains. Reward cues lead to less patient intertemporal choice, seem to increase risk aversion, and bias consumer choice. This may explain various, at first glance very different, behavioral phenomena, such as dynamic inconsistency, the certainty effect, and the endowment effect. We suggest that immediacy in time, certainty, and physical possession all create immediacy to a rewarding outcome that might bias choice in a similar way as other reward-predicting stimuli.
Introduction
Environmental stimuli can exert powerful control over behavior. Relapses of drug addicts often occur when the person finds themselves in an environment in which they used to consume drugs, or when confronted with drug-related materials. 1 More commonly experienced, food-related stimuli such as the smell of freshly baked cookies or the sight of a hamburger not only make our mouths water, but also stimulate our appetite and increase subsequent food intake. 2 Drug abuse and overeating have received considerable attention in psychology, neuroscience, and economics since they constitute major public health problems, but also because they seem at odds with self-interest and are often explicitly regretted. It is puzzling why people engage in these behaviors nevertheless, especially under the assumption that stable, well-defined preferences guide behavior. While each of these different disciplines has described and analyzed this phenomenon within their own framework, there is a common underlying spirit in their explanations.
From a psychological perspective, the effect of contextual cues on behavior may be seen as a manifestation of Pavlovian and instrumental learning. The smell of cookies has frequently preceded the consumption of cookies and thus leads to an expectation of cookies and activates behaviors leading to consumption. 3 Neuroscientific data suggests that dopamine plays an important role in the underlying neural processes. 4 Firing of dopaminergic cells increases in response to reward-predictive stimuli such as the sight of a hamburger. 5, 6 At the same time, dopamine is involved in motivation and action selection. [7] [8] [9] [10] Assuming that these two functions interact somehow, the occurrence of a reward-predictive stimulus might enhance the motivation to pursue a particular reward. 11 Similar ideas have been formalized by economists, assuming that consumption in the presence of specific cues may be (or seem) more valuable to the organism than in the absence of the stimulus. [12] [13] [14] A situation that contains reward cues and leads to behavior that is at odds with long-term goals resulting from rational deliberation, such as a healthy lifestyle, is frequently described as "tempting." 15 There is accumulating evidence that the stimulus environment not only influences decisions about primary needs like food, or physiological stimulation from drugs, but a wider range of economically relevant decisions including intertemporal choice over money, decisions under uncertainty, and consumer choice. In this review article we summarize evidence on the effects of immediate exposure to reward and reward-predicting stimuli on economic decision making. We then revisit literature on well-documented biases in decision making like certainty effects and the endowment effect and explore whether they might be driven by a similar mechanism.
Immediate exposure to reward and reward predicting stimuli affects economic decisions impatient intertemporal decisions
Intertemporal choices require trade-offs between outcomes that vary in value, but also occur at different moments in time. Typical intertemporal choices we encounter in everyday life are savings decisions and health-oriented behavior such as exercising, smoking, and food choices. Healthy behavior is often associated with some immediate inconvenience, such as foregoing desert, whereas the benefits will only become apparent weeks or years after these decisions. Similarly, saving money requires refraining from spending money in the present in order to be able to spend it at some point in the future. In experiments, such decisions are often mimicked by giving subjects the choice between receiving a smaller, but sooner reward, and a larger, but delayed one -typically money. While many interesting behavioral phenomena have been observed in intertemporal decision making, we focus on evidence that shows that exposure to reward-related stimuli decreases patience in intertemporal choice. For a more general overview on the intertemporal choice literature there exist several comprehensive reviews. [16] [17] [18] Perhaps the most comprehensive evidence on determinants of intertemporal choice stems from an instructive series of experiments on delay of gratification in children. 19 Children at preschool age performed intertemporal choices about food and toy rewards under different conditions. Typically, children were left alone in a room with a small quantity of the reward. Children were then told that if they waited for some time without consuming the reward or calling for the experimenter they would receive a larger amount of the same reward. If exposure to reward-predicting stimuli influences intertemporal choice, the physically immediate reward should decrease the children's ability to wait. Indeed, waiting times decreased when the reward was put immediately in front of the children. Interestingly, waiting times decreased monotonically with the amount of reward that the children were immediately exposed to. 20 Thus, being physically close to a reward did not only decrease the ability to delay gratification, but the strength of this effect also depended on the quantity of reward the subjects were exposed to. A similar effect was observed when children were not physically exposed to the reward, but instructed to think about the appetitive properties of the reward. Likewise, the effect of a physically present reward could be diminished by instructing the children to distract themselves from the appetitive nature of the stimulus, for example by focusing on non-rewarding properties of the stimulus. These findings suggest that reward exposure leads to less patient intertemporal choices, and that this effect is mediated by attention to the appetitive properties of the available reward. 19 Based on these findings, Van den Bergh et al 21 hypothesized that a general appetitive motivational state leads to impatience in intertemporal choice. They exposed men to erotic cues, followed by a series of intertemporal choices involving money, candy bars, and soft drinks. Relative to a control group that saw neutral stimuli, these subjects decided less patiently. Thus, exposure to erotic cues increased preference for the smaller, sooner reward across various types of reward. This effect was only present for those men who scored higher on a self-report measure of individual sensitivity to rewards, suggesting that the effect of erotic stimuli on discounting was indeed mediated by an appetitive motivational state. Likewise, Wilson and Daly found that exposure to pictures of attractive faces of the opposite sex, but also attractive cars, increased discounting of future rewards relative to exposure to unattractive faces and cars. 22 In sum, exposure to reward and reward-related stimuli results in less patient intertemporal choices. This effect seems to be mediated by an appetitive motivational state.
Risk averse choices
Decisions across various life domains involve uncertainty. For example, when investing money, making decisions about study, or accepting a job offer the decision maker is uncertain which of several possible outcomes -some more favorable than others -will occur. Expected utility theory provides a powerful normative framework for decision making under uncertainty, but many situations have been described where people's actual behavior deviates from the predictions of the theory. 23 The role of the stimulus environment has received less attention in research on decisions under uncertainty than in intertemporal choice. However, one recent experiment suggests that both reward-and punishment-related stimuli can influence choices between certain and uncertain gains. In a Pavlovian conditioning phase, Guitart-Masip et al 24 trained subjects to learn that certain artificial visual stimuli were always followed by a gain and certain others always followed by a loss. Afterwards, subjects made a series of binary choices between sure outcomes and gambles. The stimuli from the conditioning phase (conditioned stimuli [CS]) were visually presented together with these choices, but were completely irrelevant to the decision and not informative of the outcome. Nevertheless, they influenced choice behavior. When a stimulus that had previously been predictive of gains (CS+), but was then completely irrelevant, was visually presented during choice, people showed an enhanced preference for certainty. In the presence of a stimulus previously predictive of losses (CS−), people made more risky choices. Since in this study the conditioned stimulus was always visually underlying the sure option it seems that choices were biased towards the appealing conditioned stimulus and away from the unappealing one. Alternatively, it could be that the mere presence of a reward-predicting stimulus led to higher preference for certainty, independent of the location of the stimulus. Choices in accordance with this effect went along with higher activity in the amygdala, and the ventral striatum. 24 This is consistent with the current understanding of the amygdala as a brain region that is central to the influence of emotional stimuli on behavior. 25 These data suggest that irrelevant stimuli which are associated with reward and punishment can influence decisions under uncertainty.
Consumer decisions
Knowing the value a person places on an item is of great interest in decision-making research, marketing, and public policy. It is often measured as the maximum amount a person is willing to pay to obtain an item. A recent experiment investigated systematically whether willingness to pay (WTP) could be influenced by the way items were presented to the subjects. 26 Bushong et al 26 elicited WTP for both snack-food items and trinkets, while varying the display format of the items. Subjects who had the items physically in front of them reported higher WTP than subjects who saw text or image displays. Interestingly, there was no effect on rating how much one liked the item, and WTP was increased across the whole liking range; that is, even for disliked items, the physical presence of the item increased WTP. In order to test competing explanations for this observation, the authors performed a series of control experiments: combining the image and text displays with pretasting a small amount of the food item did not elevate WTP, suggesting that the effect is also not attributable to differences in experienced utility or information about the item. Finally, the authors observed that placing a fully transparent plexiglass barrier between the subject and the food item resulted in WTP comparable to the text and picture conditions. Thus, the effect of the physically present item on WTP was diminished by a plexiglass barrier, although the actual distance and information available to the subject was held constant. This shows that the physical presence of the item has a strong effect on WTP, but only if it is within easy reach of the subject. The authors suggest that when physically immediate, an item functions like a CS, which, in turn, promotes behaviors that lead to obtaining the item and thus increase WTP.
That CS can indeed affect simple consumer decisions has been demonstrated by Bray et al. 27 Subjects first underwent a Pavlovian conditioning phase where they learned the association between specific visual stimuli (which then served as CS) and the delivery of a small quantity of a specific drink, like juice or chocolate milk. In a second, entirely independent phase, subjects were allowed to choose their drink out of two alternatives on every trial. In a third phase, subjects made these choices again, but were also shown one of the CS on each trial. The presence of a CS biased subjects' choices towards the drink that was associated with this stimulus. For example, subjects chose chocolate milk more often in the presence of a CS that has been associated with chocolate milk in the past. Relative to such cue-congruent choices, choices that were incongruent with the present CS were associated with lower activity in the ventrolateral putamen. Based on these findings, the authors suggest that a CS might automatically activate an action plan to obtain the associated outcome. Choosing an alternative outcome would then require suppression of these cue-triggered processes.
In sum, there is evidence from experiments across various decision domains that immediate exposure to reward or reward-predicting stimuli influences economic decisions: people decide less patiently, [20] [21] [22] are more risk averse, 24 and show higher WTP 26 and biased choice 27 when faced with reward-predicting stimuli. In the following we will explore whether some well-known biases in economic decisions could be explained by the fact that the decision situations in which they occur naturally entail greater immediacy to rewarding outcomes.
Could immediacy to reward underlie biased economic decisions?
According to standard economic theory, decisions should only depend on the likely outcomes they produce -and not on the elicitation procedure. 16, 28 Decades of research have shown, however, that decisions can be influenced by theoretically irrelevant aspects of the choice problem or the decision situation. 23, 29, 30 When deciding about future consequences, such as dieting or saving money, people tend to choose more patiently when all options concern outcomes in the future than when some outcomes are realized immediately and thus involve immediate gratification. 16, 31 Likewise, when deciding under uncertainty, people show a strong, disproportionate preference for certain outcomes when these are available. [32] [33] [34] A third robust behavioral phenomenon in is the so-called endowment effect, or gap between willingness to pay and willingness to accept (WTA). Asking people how much compensation they demand to part with an object robustly yields higher value estimates than asking them how much they would be willing to pay to acquire the same object. 29, 35 The special appeal of immediately available reward relative to future reward is a popular explanation for biased decision making in intertemporal choice. Various, mostly unrelated explanations have been put forward to account for certainty effects and the endowment effect. In the light of the results summarized above we argue that these very different behavioral phenomena could, at least in part, all be driven by some form of immediacy to a rewarding outcome in the decision situation.
Dynamic inconsistency
Discounted utility theory, which is today the predominant normative framework for intertemporal choice, suggests that future rewards should be discounted at a constant rate. 16, 18, 36 This implies that a person who prefers €100 now over €150 in 1 month will also prefer €100 in 1 year over €150 in 1 year and 1 month. Intertemporal choice experiments with both animals and humans have aimed at understanding how organisms actually decide between immediate and delayed rewards. 30, 37 Many of these found that both animals and humans show a disproportionate preference for immediate rewards, which can result in choices that are dynamically inconsistent. 31, [38] [39] [40] [41] [42] For example, consider a subject who prefers a smaller amount of money that is delivered immediately after the experiment over a larger amount that is delivered with a delay. The same subject may prefer the larger, later reward when neither of the rewards is available immediately, although the amounts of reward, as well as the delay from the sooner to the later reward, are kept constant. 31 Likewise, suppose that in January a person makes the plan to save the end-of-the-year bonus he or she will receive in December and invest it for 1 year to gain interest. When December comes and the bonus is immediately available, he or she might change this plan, and decide to spend the money right away on Christmas presents. However, under discounted utility theory, the decision situation in January is equivalent to the decision in December, and the change of plan is inconsistent. 16, 36 The fact that people make use of commitment devices, which make a change of plan impossible or very costly, provides compelling evidence that preferences are dynamically inconsistent at times, and that decision makers are aware of this. In the above example, the decision maker would prefer to commit to their saving plan in January in a way that makes it impossible or unappealing to change it -provided that they foresee the change of mind. Various forms of commitment devices have been described in the literature, 16, 43 and today their existence and popularity is evident in the internet. Several websites (eg, http://www.stickk.com/) allow users to commit to a goal and to determine a binding punishment in case of failing to reach the goal. Interestingly, the most popular goals that call for commitment devices seem to be saving money, exercising, sticking to a certain diet, and not smoking.
Many authors have explained such dynamic inconsistency in intertemporal decision making by assuming that immediacy in time -that is, "now" -is special, and that an immediately available reward is tempting and hard to resist. 16, 17, 44 While this idea is intuitively appealing and fairly accepted, the question why immediately available reward might have this effect has only recently received more attention.
immediately available reward and brain activity Luo et al 45 investigated whether brain activity during the anticipation of immediate monetary rewards differed from brain activity during the anticipation of delayed rewards. Each reward, consisting of a money amount available after a specified delay, was presented individually in a magnetic resonance imaging (MRI) scanner. Importantly, each subject performed a series of binary choices before the scanning session. Subjects' choices in this task were used to calibrate the amounts used during scanning such that immediate and delayed options were equally preferred by the individual. Despite this preference matching of the immediate and delayed options, the basal ganglia, the midbrain, and the anterior insula showed higher activity when immediate as opposed to delayed rewards were presented, and subjects responded faster during these trials. Previous studies using the same experimental task found that the activity level in these brain regions correlated with anticipated reward value. 46, 47 The authors therefore suggest that immediate rewards elicit stronger reward anticipation than the preference-matched delayed rewards. Higher activity in reward-related brain regions for immediate versus delayed rewards was also reported by McClure et al, both for monetary and primary rewards, like juice and water. 48, 49 Although such differential brain activity is not unequivocally interpretable as stronger reward anticipation, other studies support the idea that immediate options induce disproportionately strong reward anticipation that may lead to strong preference for immediate reward, which can in turn be counteracted using cognitive control. Hariri et al 50 measured individual discount rates using a behavioral delay discounting task. The same subjects also played a guessing task in the MRI scanner, which allowed measurement of blood oxygenation level-dependent (BOLD) signals in response to gains and losses. How strongly the ventral striatum reacted to gains relative to losses was associated with individual discount rates in the intertemporal choice task. That is, subjects that had a higher reactivity in this reward-sensitive brain region decided less patiently, which suggests a relation of neural reward sensitivity to discounting behavior.
Transcranial magnetic stimulation (TMS) allows to temporarily disrupt function in parts of the brain. Applying TMS over the left dorsolateral prefrontal cortex (DLPFC), a region implicated in cognitive control, Figner et al 51 found a decrease in the proportion of patient choices specifically when an immediate reward was available. This indicates that the DLPFC contributes towards more patient decision making, but only when immediate rewards are available. The authors conclude that DLPFC activity in intertemporal choice represents self-control processes, counteracting the temptation of immediately available reward.
Taken together, these studies suggest that immediate rewards elicit disproportionately strong reward anticipation. The behavioral results summarized in the "Impatient intertemporal decisions" section demonstrate that exposure to appetitive cues results in less patient intertemporal choices. 19, 21 Thus, dynamically inconsistent intertemporal choices could be driven by an appetitive state that is induced by the prospect of immediate reward, but absent or weaker for the prospect of delayed reward.
Certainty effects
Many, though not all, deviations from expected utility theory arise when one available option involves outcomes that occur with certainty. 32, 34, 52, 53 That certain outcomes are different from probabilistic outcomes was first pointed out by Allais, 32 who proposed two sets of choice problems to demonstrate that people show a disproportionate preference for certainty and violate predictions of expected utility theory: 1. The common consequence effect (A) Certainty of 100 million (B) 10% chance of 500 million; 89% chance of 100 million, 1% chance of nothing (A′) 11% chance of 100 million; 89% chance of nothing (B′) 10% chance of 500 million; 90% chance of nothing 2. The common ratio effect (C) Certainty of 1 million (D) 98% chance of 500 million; 2% chance of nothing (C′) 1% chance of 100 million; 99% chance of nothing (D′) 0.98% chance of 500 million; 99.02 chance of nothing. Using problems with a similar structure, but with moderate gains, Kahneman and Tversky empirically confirmed that more people act more risk averse when there is a certain option available than when there is not. 53 That is, (A) was preferred over (B) much more often than (A′) was preferred over (B′). Likewise (C) was preferred more often than (C′), showing that a substantial number of people reverse their preference when there is no certain option available. Both are robust findings, and the common consequence effect has recently been replicated in a large representative sample with both real and hypothetical payoffs. 33, 54 Strong preference for certainty is apparent even when a given outcome is not actually certain at the time of decision making, but merely framed as certain by dividing a lottery into two or more stages. That is, an outcome that is certain, conditional on a first random event, is preferred over an outcome that has a conditional probability smaller than 1, giving rise to the so-called isolation effect. 53 Even more striking, when asked to assign a monetary value to a certain outcome and to a lottery ticket that would result in the same or a better outcome, people assign a higher monetary value to the certain outcome than to the lottery ticket. For example, people value a voucher for a dinner in a certain restaurant higher than they value a lottery over a voucher for the same or a better restaurant. 
Certainty as as form of immediacy
While there is ample evidence that humans exhibit a strongly disproportionate preference for certain outcomes, there has been little consideration about why certainty is special. Here, we propose that certain outcomes are special because they are more immediate to the subject and easier to anticipate than uncertain outcomes. Any uncertain outcome involves a mechanism that resolves uncertainty and might lead to an unfavorable result. On the other hand, the only thing that separates the subject from an outcome offered with certainty is the subject's decision.
To see how reducing the probability of an outcome can indeed reduce immediacy of an outcome, consider the following experiment:
56 subjects were given a simple intertemporal choice problem, having to decide between receiving (A) 100 Dutch guilders (fl.) now, or (B) fl. 110 in 4 weeks. A different group of subjects was faced with a similar problem, but all outcomes were delayed by an additional 26 weeks (a so-called front-end delay). That is, for them the choice was between (A′) fl. 100 in 26 weeks, or (B′) fl. 110 in 30 weeks. When there was no explicit uncertainty, ie, all outcomes were assigned probability 1, there was a substantial difference between the two conditions. More subjects preferred (A) over (B) than there were subjects preferring (A′) over (B′). That is, the earlier of the two options was preferred more often when it was available immediately than when it was available in the future, although the delay between the early and the late option was 4 weeks in both cases. This provides strong evidence for the abovementioned dynamic inconsistency and temptation by the immediate option. Interestingly, the effect of the front-end delay was dramatically reduced when outcomes were not certain, but were all assigned a probability of 0.9. When all outcomes occurred only with probability of 0.5, (A) was chosen equally as often as (A′). That is, when outcomes were sufficiently uncertain, subjects did not show any dynamic inconsistency. 54, 56 These and similar results have led researchers to note that uncertainty and delay have similar effects on behavior, and different interpretations for these similarities have been put forward. Some have argued that dynamic inconsistency arises due to the increased uncertainty associated with future outcomes, and, more generally, that delay discounting is a derivative of uncertainty inherent in the future. 56, 57 Others have argued that delay is psychologically more fundamental, as uncertainty frequently leads to omission of reward and thus results in experience of delay. 58 Since behavioral evidence on the interaction of risk and delay is inconclusive, 54, 59 brain imaging studies have tried to resolve the question whether delay discounting and probability discounting are equivalent. Although decision making under risk and intertemporal choice invoked partially the same brain regions, clear distinctions in brain activity were also observed. Activity in the ventral striatum and the orbitofrontal cortex correlated with subjective value for both probabilistic and delayed rewards. 60 Among others, the posterior parietal cortex, lateral prefrontal cortex, and anterior insula were found to be more involved in decision making under risk, whereas the lateral parietal cortex and posterior cingulate were preferentially active in intertemporal choice. 60, 61 Thus, it seems unlikely that delay discounting is fundamental to probability discounting, or vice versa.
Instead, choice behavior shows that both temporal immediacy and certainty contribute to inducing decision biases like the certainty effect and dynamic inconsistency. In many cases, both temporal immediacy and certainty are necessary to induce these biases. 54, 56 Therefore, we suggest that uncertainty might reduce the immediacy to the offered reward in a similar manner as temporal delay does, without needing to assume that risk and delay are per se psychologically equivalent. Certain outcomes would then be disproportionately preferred because they are more immediate to the subject.
Endowment effect
A third prominent behavioral anomaly in economic decision making is the gap between valuations when elicited as WTP and WTA. For example, when subjects are endowed with a mug and asked for their WTA for selling the mug, they will typically state substantially higher valuations than subjects that are asked for their WTP for buying the same mug. 35 Many behavioral studies of this "endowment effect" suggest that several factors, both cognitive and emotional, contribute to biasing the valuations of buyers and sellers in opposite directions. [62] [63] [64] [65] [66] The endowment effect has also been observed in nonhuman primates, 67 which indicates that at least some of the contributing factors might be evolutionarily older than the emergence of private property rights. One circumstance that is frequently overlooked in endowment effect experiments is that elicitation of WTA naturally goes along with placing the item at stake physically close to the subject, whereas WTP elicitation does not.
Two studies have explicitly attended to the role of physical proximity in the endowment effect by manipulating physical proximity independently of legal ownership of the object. 68, 69 That is, one group of subjects was told that they now owned an item, but it was not given to them physically. Another group of subjects was physically given the item, but informed that it did not belong to them. Strikingly, both studies found that the physical possession of an object induced an increase in valuation and a reluctance to trade the object for an alternative. Being told that one owns the object, on the other hand, had no such effect. 68, 69 Thus, the physical possession of an item increased subjects' valuations, whereas legal ownership did not. This is in line with the findings of Bushong et al 26 (see "Consumer decisions").
Effects of endowment and physical proximity on brain activity
Investigating the neural basis of the endowment effect, De Martino et al 70 found that the BOLD response in both the orbitofrontal cortex and the dorsal striatum correlated with the subjective value of an item, irrespective of whether the subject was engaged in buying or selling the item. The endowment effect was evident in the activity pattern of the ventral striatum. That is, when subjects stated high selling prices or low buying prices, activity in the ventral striatum increased. These findings are in line with current understanding of the orbitofrontal and ventromedial prefrontal cortex encoding an abstract, possibly reference-independent, value signal 71 and the ventral striatum encoding a reward prediction error. 5, 72 Evidence on the effects of physical proximity on brain activity in humans is very limited due to the substantial practical difficulties associated with bringing physical objects in the fMRI environment and in sight of the subject. Recent studies that have overcome this problem show that brain regions relevant for visuomotor control respond more strongly to objects within reach, as opposed to objects that are out of reach of the subject. 73, 74 That is, the brain seems to represent possible reaching targets constantly, even if reaching is not required by the task. The effect of physical proximity on valuation might thus arise from an interaction of constantly updated motor affordances with value computation processes.
Conclusion
There is ample evidence from both animals and humans that irrelevant stimuli can bias choice behavior if they have been associated with reward or punishment in the past. 10, 75, 76 Recent experiments show that this is also the case for abstract economic decisions. When immediately exposed to reward or rewardpredicting stimuli, subjects make less patient intertemporal choices, are less risk averse in choice under uncertainty and are influenced in their consumer decisions. 21, 22, 24, 26, 27 These findings constitute stimulus-induced, momentary changes in choice behavior that are at odds with rational deliberation and thus resemble effects of temptation. Some of the most robust biases in economic decision making arise when there are options that are available immediately, occur with certainty, or are physically close to the subjects. Although clearly psychologically distinct, temporal immediacy, certainty, and physical proximity entail a form of immediacy to reward and might therefore act like reward-predicting stimuli and tempt the decision maker to choose an option they would not otherwise choose.
Understanding how immediacy to reward and exposure to reward-predicting cues influences valuation and choice could thus help to explain seemingly dissimilar decision biases and organize experimental results across various decision situations. Further, exploring the neural mechanisms underlying the effects of exposure to reward and rewardpredicting stimuli would contribute towards a more complete understanding of the neural mechanisms underlying decision making and thus help to improve prediction accuracy of economic models.
